Executive Summary
Educational assessment is a process of drawing reasonable inferences about what students know on the basis of evidence derived from observation of what they say, do or make in selected situations. Educational assessment does not exist in isolation, but should be aligned with instruction in order to support and enhance learning. Assessment functions may be varied, ranging from a need to identify the students' prior knowledge to a need to draw conclusions about their overall understanding of the subject matter.
In this paper, a coherent and integrated framework for educational assessment purposes, serving various assessment functions, is presented. The framework named AssessToLearn uses concept maps as the main tool of the assessment toolbox and provides a basis for the design of assessment activities following a three-step process (i) Ascertaining the Students' Prior Knowledge -Activating Knowledge, (ii) Promoting Knowledge Construction & Identifying Conceptual Changes -Constructing & Enriching Knowledge, and (iii) Assessing Knowledge Construction -Refining Knowledge. The assessment functions of each step are accomplished through assessment activities, which may include one or more subactivities and/or assessment items addressing specific assessment outcomes. The assessment items may be implemented by employing various concept mapping tasks such as the "free construction"/the "concept list"/the "partial recall framework"/the "partial recognition framework" tasks, or utilizing other assessment tools such as various types of questions like free-response questions, questions based on short cases, multiple-choice questions, and true/false questions. The AssessToLearn framework constitutes the basis for the development of a web-based adaptive assessment environment, referred to as PASS (Personalized ASsessment System supporting Adaptation and Learning). PASS aims to support the assessment process in the context of the framework and provide adaptive capabilities as far as the adaptation of the assessment process and the guidance/feedback given to the students during the assessment process are concerned.
For the application and evaluation of the proposed framework in a real classroom environment, an experimental study was conducted. The study was carried out in the context of the postgraduate course of "Distance Education and Learning" at the Department of Informatics and Telecommunications of the University of Athens during the spring-semester of the academic year [2001] [2002] . Based on the framework, a set of assessment activities was developed, aiming to serve the following assessment functions:
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tivities and subsequently the effectiveness of the framework in serving the assessment functions under consideration.
More specifically, as far as the first step of the framework is concerned, the context of the assessment activity and the use of the concept maps as the main assessment tool contributed effectively to "ascertain what the students already know" including faulty and/or incomplete knowledge structures. The scaffolding framework of the free response questions and the questions based on short cases, helped the students in activating their knowledge while the "free-construction/concept list" task proved to be the most effective of the alternative ones, as it enabled the students to represent their knowledge on their own and then to enrich and revise their representations. Regarding the second step of the framework, the assessment activity was based on the idea of the goal-based scenarios where the students played the role of the tutor according to a given scenario and assessed the coursework (i.e. the concept map) of a (fictional) learner. The scenario operations, and especially those concerning the assessment of the concept map, enabled the identification and the assessment of the students' progressive conceptual changes concerning the fundamental concepts of the subject matter. The context of the activity helped the students to gain deeper understanding of the subject matter but contributed, to a low degree, to the development of high level cognitive skills such as analysis and synthesis. Moreover, the authentic context of the activity engaged the students actively in the learning process and supported the development of skills concerning reasoned judgment, reflection, revision and critical thinking. The assessment activity, concerning the third step, was comprised of a concept mapping task and an evaluation task. The students had to construct, on their own from scratch, a concept map concerning the central concept of the subject matter. Upon the completion of the concept mapping task, the students had to evaluate their own concept maps by determining evaluation criteria, scoring their map for each criterion and reasoning their evaluation. The use of concepts maps in the context of the assessment activity, proved to be a viable alternative tool to the "tradi
Introduction
Educational assessment is a process of drawing reasonable inferences about what students know on the basis of evidence derived from observation of what they say, do or make in selected situations (Pellegrino, Chudowsky, & Glaser, 2001) . Educational assessment helps students to identify what they have already learned, to observe their personal learning progress and to decide how to further direct their learning process. On the other hand, teachers can exploit the assessment results in the direction of giving appropriate feedback and support to the students during the instruction, formulating judgements about the quality and the effectiveness of the provided educational material and modifying the curriculum, their instruction and their teaching practices/strategies.
During the design of the assessment process, the teacher has to decide and determine basic elements of the assessment process, such as the purpose (i.e. formative assessment or summative assessment), the duration, the educational and the assessment goals, the educational resources that are necessary to support the assessment process and the assessment tools. The determination of these elements depends on various factors such as the diversity of learning theories, the diversity in what counts as evidence of learning, the teaching strategies that are followed, the number of students and the constraints of the educational setting, such as the cost. A variety of assessment tools may be employed in order to integrate the assessment process with the ongoing instruction, to document the students' growth, and to identify changes in their thinking and learning skills, such as various types of questions (e.g. free-response questions, questions based on short cases, etc) and concept mapping tasks. Each of these assessment tools has specific characteristics and may serve various assessment functions. Concept maps are considered to be a valuable tool of an assessment toolbox, as they provide an explicit and overt representation of the students' knowledge and promote meaningful learning (Mintzes, Wandersee, & Novak, 2000; Novak & Gowin, 1984; Novak, 1998) . As reported in Pearsall, Skipper, and Mintzes (1997) , concept maps "provide a unique window into the way learners structure their knowledge, offering an opportunity to assess both the propositional validity and the structural complexity of that knowledge base."
In this paper, we propose a coherent and integrated framework for educational assessment purposes serving various assessment functions, ranging from a need to identify the students' prior knowledge to a need to draw conclusions about their overall understanding of the subject matter. The AssessToLearn framework provides a basis for the design of assessment activities incorporating principles from contemporary theories of learning and uses concept maps as the main tool of its assessment toolbox. It comprises a three-step process consisting of (i) ing) . PASS aims to support the assessment process in the context of the framework and provide adaptive capabilities as far as the adaptation of the assessment process and the guidance/feedback given to the students during the assessment process are concerned.
For the application and evaluation of the proposed assessment framework in a real classroom environment, an experimental study was conducted. The study was carried out in the context of the postgraduate course of "Distance Education and Learning" at the Department of Informatics and Telecommunications of the University of Athens during the spring-semester of the academic year 2001-2002. More specifically, a set of assessment activities were developed on the basis of the framework, aiming to serve the following assessment functions: (i) identification of the students' prior knowledge, (ii) investigation/identification of the students' unknown concepts, incomplete understanding and false beliefs, (iii) assessment of the conceptual changes and the growth in the students' conceptual understanding during, as well as at the end of the teaching and the learning processes, and (iv) assessment of the students' overall understanding of the subject matter.
The paper is organized as follows. In the next section, a brief presentation of the concept maps, focusing on their use for educational purposes, is given. Then, the proposed assessment framework and its threestep process are presented. Following that, issues concerning the adoption/support of the framework in the PASS environment are discussed, providing a brief presentation of its main functionality. Afterwards, we give a detailed description of the experimental study presenting how each step of the framework was applied, what kind of activities were developed, and the evaluation results concerning the effectiveness of the assessment activities to support the assessment functions under consideration. The paper ends with the concluding remarks and our future plans.
Background Issues Concerning Concept Maps
A concept map is a graphical node-arc representation, where nodes represent concepts and labelled arcs or lines represent the relationships between concepts (Novak & Gowin, 1984) . Concept maps provide a means to capture, elicit and represent qualitative aspects of the students' knowledge. In its simplest form, a concept map is composed of just two concepts connected by a linking word to form a single proposition. For example, "Distance Education is a tool for Open Education" represents a simple concept map forming a valid proposition about the concepts "Distance Education" and "Open Education".
Three characteristics of the concept maps are: (i) their hierarchical structure (with the most inclusive, most general concepts at the top of the map and the more specific, less general concepts arranged hierarchically below), (ii) the inclusion of "cross-links" relating domains of knowledge represented on the map and indicating "the integrative reconciliation of meanings" (Novak & Gowin, 1984) , and (iii) the inclusion of examples clarifying the meaning of a given concept.
Concept mapping -the process of organizing concepts in a hierarchical manner and forming meaningful relationships between the concepts -has grown out of Ausubel's theory of meaningful versus rote learning (Ausubel, Novak, & Hanesian, 1978) . The theoretical framework that supports the use of concept mapping is consistent with constructivist epistemology and cognitive psychology (Edmondson, 2000) . Concept mapping tasks vary as to whether concepts and/or labels for the relationships between concepts are given to the students for mapping or the students are responsible for the whole process. Also, concept mapping tasks vary as to whether a structure of the map is given and the students fill in the nodes and/or the links, or the students construct the map on their own from scratch. The traditional way of constructing concept maps uses paper and pencil. With the rapid development of Information and Communication Technologies (ICT), a number of computer-assisted concept mapping systems have been proposed (Chang, Chen, & Sung, 2001; Fisher, 2000) and nowadays, internet-based concept mapping systems are available (Chiu, Huang, & Chang, 2000; Tsai, Lin, & Yuan, 2001 ).
Educational Purposes of Concept Mapping
Concept maps can be used for a variety of educational purposes or functions (Jonassen, Reeves, Hong, Harvey, & Peters, 1997; Novak, 1990) . They have been successfully used in many disciplines, particularly in science, as an instructional tool, as a tool to promote meaningful learning, as an assessment tool, and as a curriculum organization guide in teaching (Mintzes et al., 2000; Trowbridge & Wandersee, 1998) . As an instructional tool, concept maps may be used by the teacher for the organization of the course content and/or the presentation of the educational material to the students.
Concept maps, as a learning tool, can serve as a facilitator for helping students to learn, to create and to use knowledge (Novak, 1998) . The concept mapping process (i) promotes and assists meaningful learning (Fisher, Faletti, Patterson, Thornton, Lipson, & Spring, 1990; Novak, 1998 Novak, , 1990 by encouraging students to identify concept meanings, to establish their own relationships between concepts, to rearrange the existing relationships, to relate new concepts to prior concepts, to organize the concepts in a hierarchical and integrated manner and to refine the completed map resulting in generalized schemata for certain concepts, (ii) helps students to organize knowledge in meaningful related chunks (Novak, 1998) , promoting better knowledge organization in memory, better retention, retrieval and application of knowledge in new situations, and (iii) helps students to realize that learning requires their active and constructive involvement, to understand better the content and the process of effective, meaningful learning (Edmondson, 2000) and to "learn how to learn" by bringing to the surface cognitive structures and self-constructed knowledge (Novak & Gowin, 1984) .
Concept maps, as an assessment tool, can reveal to both students and teachers the quality and the level of development of conceptual understanding for any domain and at any grade level (Novak, 1998) . In their early work, Novak and Gowin (1984) found that concept maps gave teachers and researchers more accurate and more authentic insights into the students' thinking than traditional methods of testing. Also, as mentioned in Fisher, Wandersee, and Wideman (2000) , the concept map provides a better gauge of what students know than most other assessments tools because it allows free response and it provides insights into the students' knowledge structure. Moreover, according to Novak and Musonda (1991) , it has been found that "concept maps are not only reliable and valid but also measure aptitudes not commonly assessed by typical objective tests."
A lot of research studies of different-aged and culturally diverse students have been conducted and have shown the positive effects of concept mapping on the students' meaningful learning and on knowledge attainment, especially for the learning of science concepts (Horton, McConney, Gallo, Woods, Senn, & Hamelin, 1993; Novak, 1990 Novak, , 1998 . Moreover, growing research evidence points to the utilization of concept maps as assessment tools, and a number of research studies have been conducted on the schemes that can be used for scoring concept maps and on the validity and reliability of concept maps for summative and large-scale assessment approaches (Markham, Mintzes, & Jones, 1994; Mintzes et al., 2000; Rice, Ryan, & Samson, 1998; Ruiz-Primo & Shavelson, 1996; Ruiz-Primo, Shavelson, & Schultz, 1997; Shavelson, Lang, & Lewin, 1994) .
The AssessToLearn Framework
Regarding the assessment of student learning as an integral and essential part of the processes of teaching and learning, and the concept maps as a valuable assessment tool promoting the meaningful learning and contributing to the knowledge construction process, we propose a coherent and integrated framework in the educational assessment process, referred to as AssessToLearn.
The AssessToLearn framework consists of a three-step process incorporating principles from contemporary theories of learning. Each step addresses specific assessment functions and serves specific assessment purposes, which are presented in Table 1 . The assessment functions and, subsequently, the assessment purposes are accomplished through assessment activities, which may include one or more subactivities and/or assessment items addressing specific assessment outcomes. Considering concept maps as the main tool of the assessment toolbox, the assessment items may be implemented by employing various concept mapping tasks such as (i) the construction of a concept map from scratch ("free construction" task), and/or using an available list of concepts ("concept list" task), and/or (ii) fill some blanks concerning concepts/relationships ("partial recall framework" task) (Tsai et al., 2001) , and/or fill some blanks concerning concepts/relationships by using an available list ("partial recognition framework" task) (Tsai et al., 2001) . Furthermore, the assessment activity may be accompanied by additional assessment items utilizing other assessment tools with various types of questions, such as free-response questions, questions based on short cases (Segers, Dochy, & De Corte, 1999) , multiple-choice questions, and true/false questions. Table 2 depicts the assessment tools as well as the forms of assessment that may be applied in each step of the framework. Following are detailed descriptions of the three steps of the AssessToLearn framework.
Step 1: Ascertaining the Students' Prior KnowledgeActivating Knowledge
According to the contemp orary view of learning, prior knowledge is a major variable, as it may greatly hinder or facilitate the learning process. The students construct new knowledge and understandings on the basis of what they already know and believe (Bransford, Brown, & Cocking, 1999; Vosniadou, 2001) . It is very difficult and/or impossible for the students to understand, remember and/or learn concepts that are completely unfamiliar. Moreover, it is not sufficient for the students just to have the prerequisite prior knowledge; it is necessary to activate this knowledge. In the epigraph to Educational Psychology: A Cognitive View, David Ausubel (1978) says "If I had to reduce all of educational psychology to just one principle, I would say this: The most important single factor influencing learning is what the learner already knows. Ascertain this and teach him accordingly." The ascertainment of the students' prior knowledge may contribute to (i) the determination of the teaching/instruction's framework, taking into account the students' initial beliefs, and (ii) the development of an appropriate scaffolding framework, which can guide/support the students in the development of effective mental models.
The assessment activities, utilising concept maps, may include assessment items employing the aforementioned concept mapping tasks. For example, an assessment activity may include a "freeconstruction" task, asking the students to construct a map concerning a particular central concept either from scratch or after studying a relevant text. This task may activate the students' prior knowledge and reveal their false beliefs, and may also show the students' initial degree of understanding concerning concepts of the subject matter included in the text and their ability to perceive and represent the most important information. During the process of concept mapping, the teacher may guide the students through a scaffolding framework. The scaffolding framework may include a set of questions, relevant comments, hints, etc, aiming to relate new concepts to the students' experience and prior knowledge and show aspects of the meaning of the concepts under consideration. Apart from concept mapping tasks, the designed assessment activities may include assessment items like (i) true/false questions and/or multiple-choice questions asking the students to recognize/identify the definition of a concept, (ii) free response questions asking the students to compare two concepts, (iii) questions based on short cases asking the students to distinguish important from unimportant concepts mentioned in the given short case, (it is part of the deve lopmental process of learning and assesses the quality of learning (Kommers, Grabinger, & Dunlap, 1996; Pellegrino et al., 2001 )) (i) promote the students' knowledge construction (provision of feedback, support of collaboration, support of exploratory learning, etc), (ii) promote the development of high level cognitive skills such as reflection, revision, critical thinking and self-regulation, (iii) monitor/assess the students' progressive changes during the instruction, and (iv) encourage the active involvement of the students in the knowledge construction process.
monitor how their learning progresses, and whether their knowledge is revised and/or enriched with and incorporates effectively new knowledge.
Assessing Knowledge Construction The assessment activity aims to enable the teachers to …
Refining Knowledge
The assessment activity aims to enable the students to … 3 rd step
Summative Assessment or Assessment of individual achievement
(it assesses the quantity and retention of learning following the completion of a unit of instruction (Ko mmers et al., 1996; Pellegrino et al., 2001 )) (i) capture the growth in the students' overall conceptual understanding, and (ii) identify how the students' knowledge has been constructed after the completion of the instruction.
(i) refine their knowledge (promotion of high level cognitive skills such as critical thinking and reasoned judgment), and (ii) draw conclusions about the degree of achieving the expected learning outcomes. etc. Moreover, the students may collaborate in pairs acting equivalently, allowing the ascertainment of each of the student's prior knowledge.
Step 2: Promoting Knowledge Construction & Identifying Conceptual
Changes -Constructing & Enriching Knowledge
During instruction, it is essential for the teacher to draw inferences about the students' level of comprehension of the new concepts and the skills they are developing as well as to involve the students actively in the learning process. This can be achieved by establishing an assessment environment that is challenging and interesting to the students and promotes their active participation and the development of skills such as critical thinking, revision, reflection, and self-regulation (Kordaki & Avouris, 2002; Vosniadou, 2001 ). Sometimes, the students are not willing to perform an assessment activity because they understand neither why they are doing it nor what its purpose and usefulness is. Teachers can make assessment activities more meaningful by situating them in an authentic context (Vosniadou, 2001 ).
The assessment activities may combine concept mapping tasks with alternative teaching/educational techniques, such as goal-based scenarios (Schank, Berman, & Macpherson, 1999) , case studies, and role-playing. The concept mapping tasks may ask the students to construct a map concerning an already taught concept and/or to evaluate a concept map. For example, the assessment activities may ask the students (i) to construct a map concerning an already taught concept following either the "freeconstruction" or the "concept-list" task, and/or (ii) to enrich a given concept map with a number of concepts, which may result after the study of a text and/or the search for relevant information from the Web, and/or (iii) to check the correctness of a number of given propositions, to reason their judgement, and to correct them appropriately, and/or (iv) to evaluate a concept map according to pre-specified given criteria, and/or (v) to act as evaluators of other students' concept maps and to give them the appropriate feedback in order to improve their work. Besides, the students may collaborate in the context of the assessment activity, developing further their skills for self-monitoring, self-control, critical thinking and reasoning. The students' involvement in collaborative assessment activities may enhance the learning since they are forced to externalise/negotiate on their thoughts/ideas, to provide sound argumentation on their actions or on their collaborative assessment following alternative models of collaboration between the group members self -assessment (assess and monitor oneself' s learning progress on the content that the student has already studied/learned) peer -assessment (assess other students' work)
rd step
Various concept ma pping tasks such as "free construction" task "concept list" task (using an available list of concepts)
"partial recall framework" task (fill some blanks concerning concepts/relationships) "partial recognition framework" task (fill some blanks concerning concepts/relationships by using an available list) The assessment tools and the forms of the assessment that may be applied in each step of the framework points of view and to articulate their reasoning (Vosniadou, 2001) . For example, the students may collaborate in pairs either acting equivalently or by undertaking a specific role at different stages of the assessment activity, e.g. one student may act as the "creator" of the concept map and the other as its "evaluator", or they may construct their own maps and afterwards discuss their maps and proceed with their join, or they may construct a concept map according to specific scenarios of interaction, or they may act as "evaluators" assessing in common a map of a fictional student, etc.
Step 3: Assessing Knowledge Construction -Refining Knowledge
Completing the teaching and the learning process, both the teacher and the students need to know the degree of achieving the expected learning outcomes and assess the models that the students constructed. The final step aims to assess the students' overall knowledge construction and to enable the refinement of the students' knowledge. Usually, this stage of assessment is carried out through the form of exams where the students have to answer a series of various types of questions (free response, multiple choice, etc) or to solve exercises in a limited time. This process, on the one hand, complicates the teachers in drawing direct conclusions about the students' conceptual changes and the degree of performance and on the other hand, does not enable the students to refine their knowledge.
The assessment activities serving this step may combine concept mapping tasks with additional tasks revealing the students' understanding of the taught concepts (e.g. whether they are able to distinguish the most important concepts), the skills that the students developed during the learning process (e.g. whether they are able to reason their arguments, to design and apply evaluation criteria and give appropriate feedback when they act as peer evaluators of other students' work), etc. For example, the students may be engaged in an assessment activity concerning the construction of a map about the central concept of the subject matter combined with an evaluation task asking them to assess their own map. During this step, it is better not to let students collaborate in order to examine each student's performance/conceptual changes and to determine the degree that each student was influenced by any collaborative assessment activity that s/he participated in during the previous steps.
Although, there is an inherent ordering among these three steps, the ordering does not preclude cycles. Taking into account the incremental nature of knowledge construction and according to the complexity of the taught content, several cycles through various combinations of the steps may be performed. For example, following the second step, the first step may be repeated for new concepts and/or the second step may be repeated for several times. Moreover, the steps of the framework may be applied independently or may be combined in different ways according to the assessment functions to be served.
The Personalized ASsessment System Supporting Adaptation and Learning
The AssessToLearn framework serves various assessment functions and implies the use of specific assessment tools and assessment forms to be followed in each one of the three steps. The development of a web-based adaptive environment to support the assessment process in the context of the AssessToLearn framework requires the examination and specification of issues regarding the support and implementation of (i) the addressed assessment functions and subsequently the designed assessment activities, (ii) the required assessment tools to enable the elaboration and the accomplishment of the assessment activities, and (iii) the forms of assessment that may be followed during the assessment process. Towards the direction of developing a web-based adaptive assessment environment, referred to as PASS (Personalized ASsessment System Supporting Adaptation and Learning), that aims to support the assessment process in the context of the framework and provide adaptive capabilities as far as the adaptation of the process and the guidance/feedback given to the students during the assessment process are concerned, we examine and discuss the aforementioned issues.
The assessment functions are accomplished through assessment activities, which may include one or more sub-activities and/or assessment items. In the context of a specific subject matter, the assessment activity may concern one or more fundamental concepts (which constitute a fundamental topic) of the knowledge domain of the subject matter and address a specific assessment goal, which is further analyzed in specific assessment outcomes. The assessment outcomes, which are a means of measurement, may address the Comprehension level, Application level, Checking-Critiquing level, and Creation level (Gouli, Gogoulou, Grigoriadou, & Samarakou, 2003a) . For example, as far as the subject matter of "Distance Education and Learning" is concerned (i.e. the subject matter of the study), an assessment goal may be "Do I know the concept of 'Open & Distance Education'", which may be further analyzed in the assessment outcomes "enumerate and identify the main characteristics of the 'Distance Education'", "mention the main models of 'Distance Education'", "relate the concepts of 'Distance Education' and 'Open Education'" and so forth (concerning the Comprehension level), and assessed through a set of assessment activities/sub-activities/assessment items. For example, an assessment activity may include (i) one sub-activity, consisting of two assessment items addressing the first two assessment outcomes respectively and employing as assessment tools the free-response questions, and (ii) one sub-activity addressing the third assessment outcome and employing the "partial recall framework" concept mapping task.
Each assessment activity (or sub-activity) may include a number of assessment items, which imply the use of different assessment tools, such as concept mapping tasks and/or various types of questions. Therefore, it is necessary to provide the appropriate means in order to enable the employment of various alternative assessment tools. In the case of concept mapping tasks, we develop a web-based concept mapping tool, called COMPASS (COncept MaP ASSessment tool), which enables the students to accomplish the aforementioned concept mapping tasks. The COMPASS tool supports the automatic interpretation of the students' concept maps based on their similarity to the experts' concept maps and their automatic assessment according to criteria (e.g. number of concepts, number of correct links, number of cross-links etc) specified by the experts. In the case of the other assessment tools, we develop a webbased question module, called WQUEST (Web QUESTion assessment module), which constitutes one of the main modules of the PASS environment. WQUEST enables the elaboration and the accomplishment of assessment items having the form of multiple-choice questions, ordering questions, true-false questions, free-response/short answer questions, questions based on short cases, fill-in-the-blank questions, and so forth. The automatic assessment of the students' responses is supported in all the forms of questions except the free-response/short answer questions, which may be assessed by the tutor and/or by the peers.
Concerning the form of the assessment (i.e. collaborative assessment, peer assessment, self-assessment, summative assessment) that may be followed, the PASS environment supports the self-assessment and/or the summative assessment, providing to the students all the necessary facilities (e.g. submission of assessment activities, access to educational material) in order to enable them to assess their own work and their learning progress during the instruction and to have access to the appropriate feedback material. In the case of the collaborative assessment, the PASS environment activates the SCALE environment (Supporting Collaboration and Adaptation in a Learning Environment) for the elaboration of collaborative assessment activities. SCALE (Gogoulou, Gouli, Grigoriadou, & Samarakou, 2003 ) is a webbased synchronous collaborative environment, which enables the students to work on collaborative assessment activities concerning various subject matters of different orientation, guides and helps the students through intelligent agents, supports alternative models of collaboration between the group members, and improves the collaboration/communication by adapting the "communication-scaffolding" tools (i.e. sentence openers and communication acts) according to the assessment outcomes addressed by the assessment activity and/or the model of collaboration. Depending on the assessment function to be served and the context of the assessment activity (i.e. the assessment outcomes and the assessment tool, which is used), the students may collaborate in groups (up to four members) according to specific roles. For example, in cases of groups consisting of four members, different roles may be assigned to the group members, such as the role of "clarifier"(i.e. someone who tries to explain what someone says in order to make sure that everyone understands), the role of "questioner" (i.e. someone who asks questions and stimulates the discussion), the role of "devil's advocate" (i.e. someone who argues against ideas) and the role of "responder" (i.e. someone who proposes alternative solutions, gives clarifications, answers to questions). In the case of peer-assessment, the PASS environment activates the NETPEASE environment (NETwork PEer ASsessment Environment), which is a web-based peer assessment environment, aiming to (i) enable the students to upload their assessment activities (usually addressing outcomes of the Creation level), (ii) assess the work of other students according to pre-specified criteria or according to criteria determined by the students, and (iii) provide feedback to their peers about their work.
During the elaboration of an assessment activity (sub-activity and/or assessment item), the PASS environment provides to the students different types of guidance/feedback. The feedback module, supported by the PASS environment, helps the students to find the correct answer and subsequently to learn through the different types of feedback, and to obtain and record information about the students' preferences, their motivation and their willingness to learn (e.g. whether they prefer to see the correct solution or to review the relevant material in order to find the solution). Indicative types of feedback that are supported by PASS are: (i) the corrective feedback, which informs the students about the correctness/incorrectness of their answer, (ii) the suggestive feedback, which informs the students about the incompleteness of their answers in the form of hints, content-related questions and/or providing new information (Chi, 1996) , (iii) elaborated feedback, which provides an explanation for the correctness/incorrectness of the response, or allows the student to review material relevant to the correct response (Hsieh & O'Neil, 2002) , and (iv) holistic feedback, which provides general guidelines.
Also, the PASS environment enhances the assessment process with adaptive capabilities in order to make the whole process dynamic, individualized, meaningful and less tedious for the students. More specifically, the number of the assessment activities/assessment items suggested by PASS as well as the level of their difficulty and the level of their assessment outcomes are adapted according to each student's performance. For example, for a novice student, assessment activities addressing mainly the Comprehension level (i.e. low level cognitive processes/skills) of the assessment outcomes are suggested by PASS. In case that the students are not able to answer multiple choice and/or free response questions, then questions based on short cases may be proposed, aiming, through the provided scaffolding framework, to activate the students' knowledge, to introduce/remind them the meaning of new/already known concepts and to help them to determine more correctly and precisely the context of the concepts under consideration. Also, if the students have little experience in constructing concept maps from scratch, activities utilizing the "partial recall" and/or the "partial recognition framework" tasks may be initially proposed. The adaptive questions and/or the adaptive testing techniques are used to support the adaptivity of the assessment process (Gouli, Papanikolaou, & Grigoriadou, 2002) .
PASS is in the initial phase of development. Currently, we are finishing the implementation of the COMPASS tool, the modules/interface for the assessment activity presentation and the basic modules of the SCALE environment, responsible for the group communication.
The Experimental Study

The Context of the Study
During the spring-semester of the academic year 2001-2002 and in the context of the postgraduate course of "Distance Education and Learning" at the Department of Informatics and Telecommunications of the University of Athens, we applied and evaluated the proposed framework. The content of the course addresses the following subjects: (i) Open and Distance Learning (ODL) and Open and Distance Educational Systems, (ii) the role of the tutor in ODL, (iii) the design and implementation of educational material suitable for ODL, and (iv) the exploitation of ICT in ODL. As the course progresses, the students are expected to gain a deep understanding of the concepts under discussion and their interrelationships. The lesson is carried out three hours per week in the traditional way, i.e. "face to face teaching".
In the context of the course, with interweaving assessment and instruction in order to improve education and enhance learning as an objective, we applied the proposed framework and we used concepts maps as the main assessment tool. More specifically, in the context of an experimental study, we developed and experimentally evaluated a set of assessment activities following the three-step process of the AssessToLearn framework. A total of 51 postgraduate students participated in the three-step assessment process. The students' backgrounds were diverse, ranging from teachers at the secondary education to system managers and software engineers.
During the course, the instruction was supported by a web-based course-management system, called EClassroom (http://hermes.di.uoa.gr/pms542). The E-Classroom environment offers several facilities to the students and the instructor. In particular, the system provides a number of facilities to the students, such as access to the educational material and to the course announcements, submission of their course assignments and their assessment tests, participation in discussion forums, and access to other students' work. Registration and course authorization tools are also available. The instructor may add specific course content and release appropriate educational materials, assessments tests, assignments and announcements and may have access to various statistics reports showing the number of times and the date on which each student accesses course content, assessment tests and assignments. For the accomplishment of the assessment activities of the study, the students had at their disposal all the necessary educational tools that were necessary (e.g. the Inspiration tool (http://www.inspiration.com) was used for the construction of the concept maps).
At the beginning of the course, two hours training was devoted to concept maps in order for the students to become familiar with the use of concept maps, their role, their advantages and the operational definitions of terms, such as concepts, propositions, relationships, hierarchy, cross-links and examples. During the training, the students constructed simple concept maps with paper and pencil. Moreover, about ten to twenty minutes were dedicated to computer software presentation/training as students asked for and were willing to use a specific software tool for the construction of their concept maps. The training time was considered sufficient for computer science postgraduate students to become proficient in constructing concept maps and using them appropriately.
Apart from the utilization of the concept maps as the main assessment tool, concept maps were also used as an instructional tool to present the students' beliefs in the concepts of the subject matter. Following each one of the first two steps of the framework, the instructor composed simple and small concept maps representing the students' beliefs, as these resulted from the corresponding assessment activities. These concept maps were used during the lessons as an instructional tool aiming to (i) encourage the students' participation in the classroom discussions, (ii) create the appropriate circumstances for the students to express their opinions and evaluate other students' arguments, (iii) discuss with the students false beliefs and incomplete understanding, (iv) cultivate the students' critical thinking and reflection by evaluating the statements/beliefs of others, and (v) give feedback to the students about their progress and the process of constructing a concept map. The concept maps, annotated with the discussion-feedback results, were included in the educational material of the course, and were accessible by the students via the EClassroom environment. It is worthwhile mentioning that we avoided using concept maps for presenting the fundamental concepts of the subject matter because we did not want the students to be exposed to any form of "expert's" map during the study. As a result, the concept maps constructed by the students were completely of their own design and construction.
The remainder of this paper gives a detailed description of the experimental study presenting how each step of the framework was applied, what kind of assessment activities involved in each step, and the evaluation results concerning the effectiveness of the activities in serving the assessment functions under consideration.
Ascertaining the Students' Prior Knowledge: "What the students already know"
An outline of the assessment activity
The first activity focused on the first step of the framework aiming to ascertain the students' prior knowledge (Gouli, Gogoulou, & Grigoriadou, 2003b) . More specifically, we focused on the activation of the students' prior knowledge on the fundamental concepts of the subject matter in order to identify unknown concepts, incomplete understanding, and false beliefs of the concepts. The students' prior knowledge was taken into account in the teaching process and was recorded in order to identify, in the subsequent steps, their conceptual changes and their progress.
The assessment activity included assessment items utilizing the free response questions, the questions based on short cases and the concept mapping tasks. The aim of the assessment items, utilizing the free response questions and the questions based on short cases, as a scaffolding framework, was mainly to activate the students' prior knowledge by engaging them in the process of me ntioning concepts, and/or defining concepts and/or relationships between given concepts, and/or comparing concepts. For example, the students were asked (i) to mention up to 10 concepts that are related to the concepts of "Open Education" and/or "Distance Education", (ii) to compare traditional education to distance education, and (iii) to define the fundamental concepts by inferring important/related concepts from the given short case. The aim of the assessment items, utilizing concept mapping tasks, was to identify the students' beliefs (unknown concepts, incomplete understanding and false beliefs) concerning the fundamental concepts of the subject matter and their relationships. The students, taking into account their answers to the free-response questions and the questions based on short cases, had (i) to define the relationships between known concepts such as the relationship between the concepts "Distance Education" and "Traditional Education" by utilizing the "partial recall framework" task, and (ii) to construct three concept maps according to the following:
• for the construction of the first map, concerning the central concept of "Open & Distance Education", one group of students used the "concept-list" task and added more concepts, if they wished, while the rest constructed the map on their own from scratch and then they enriched their map using the provided list of concepts ("free-construction/concept-list" task). We adopted these two different tasks, as we believed that a scaffolding framework (i) would support the students in their efforts, as the concepts to be represented were "new", and (ii) would prevent floundering and constrain the students' thinking to "productive" directions. Figure 1 presents an example of the maps constructed following the "concept-list" task while Figure 2 presents the two maps constructed by the same student following the "freeconstruction/concept-list" task.
• for the construction of the second and the third concept map, concerning the central concepts of "the Tutor" and "the Educational Material" respectively, all the students worked from scratch including in their maps as many concepts as they wished ("free-construction" task). We adopted this task, as we believed that the students could work on their own, since they were acquainted with the concepts under consideration in the context of the traditional education. Besides, we aimed to identify the students' beliefs in the relationships between these concepts in the context of the subject matter, since these relationships are changing in the context under consideration.
Experimental results and conclusions
The analysis of the students' concept maps was rather qualitative focusing on (i) the identification of the students' prior knowledge, and (ii) the effectiveness of the process we followed in order to elicit their prior knowledge.
As far as the features of the maps are concerned, the results showed that a limited number of cross-links and examples appeared, the concept maps did not exceed the four levels of hierarchy, and the number of concepts included was between ten and twenty. Also, in a number of concept maps (46%), some of the relationships between the concepts were not labelled.
Results concerning "The Students' Prior Knowledge". Analyzing the students' concept maps, we identified the unknown concepts, their incomplete understanding and their false beliefs. In particular,
• by observing missing concepts, we drew conclusions about unknown concepts e.g. since a limited number of maps included the concepts of "Modular System" and "Open Education", we found that very few students were familiar with these concepts, • by examining the relations between two or more concepts which did not correctly/fully address the relation of these concepts in the context of the subject matter, we identified the students' incomplete understanding e.g. the proposition, "the tutor teaches the learner", showed that (i) the students were familiar with the concepts of "the tutor" and "the learner", (ii) the definition of the relationship was based on their experience, and (iii) the students were not able to specify the appropriate relationship between these two concepts, as this relationship is different in the context of the subject matter, and • false beliefs were signalled o by pin-pointing relations between two or more concepts that leads to a clearly false proposition e.g. the proposition "Open Education is an Open Educational System", which is represented on Figure 2 , shows a false belief, as the relationship between the concepts is false, and/or o by the inclusion of invalid concepts e.g. the concept "Examinations" represented on a number of maps was invalid, as the resulted proposition was false -the use of the concept "Entrance Examinations" is correct, and/or o by a proposition which is not false, but it is characterized as false due to the omission of other relevant propositions. There was a strong trend in false beliefs (e.g. almost all the maps, included only the proposition "Distance Education is carried out through New Technologies" concerning the ways that distance education is carried out) resulting from the students' background (i.e. postgraduate students in an Informatics Department) and experience. Therefore, we decided to pay great attention to these concepts and their relationships and to provide clarifications during the teaching process.
Results concerning "The Process". Regarding the process we followed to activate and elicit the students' prior knowledge, the combination of the three assessment tools (i.e. free-response questions, questions based on short cases and concept mapping tasks) proved to be effective as far as the goals of the assessment activity are concerned indicating the supplementary and supportive role of each other during the assessment process (Gouli et al., 2003b) . All the three tools supported, at a different degree, the activation and the elicitation of the students' prior knowledge. More specifically, the free response questions gave us the opportunity to have a better gauge of what the students already know, as the majority of whom answered to the questions extensively articulated and reasoned their beliefs, especially to those questions concerning known concepts. The questions based on short cases enabled us to introduce two fundamental concepts to the students and to assess their ability to infer important concepts and to reconsider their previous answers/beliefs. It seems that the short cases enhanced the activation of the students' prior knowledge (55% of them answered the corresponding questions) in comparison to the corresponding free response questions (20%). The scaffolding framework of the short cases helped the students, especially those that were not able to answer to the relevant free response questions, to determine more correctly and precisely the context of the concepts (most of them reconsidered their beliefs).
The scaffolding framework of the free-response questions and the questions based on short cases helped the students during the "free-construction" and the "free-construction/concept-list" tasks. The questions helped them to think of concepts and relationships that they could possibly include in their maps but unfortunately these were fully ignored by the majority of the students when they followed the "conceptlist" task. It seems that providing a list of concepts restricts the students to the given list and prevents them from thinking of any additional concepts and taking into account their answers to the free-response questions and/or the questions based on short cases.
Also, the "concept-list" task, as a scaffolding framework for the construction of the map, was not effective in eliciting the students' prior knowledge. The majority of the students who belonged to this group task tried to represent on their maps almost all the given concepts, sometimes without understanding completely the meaning of the concepts, and paid a little effort to add new concepts on their own. This task led them to construct linear concept maps representing several false beliefs. On the other hand, the tasks of "free-construction/concept-list" and "free-construction" were more effective as these tasks led the students to construct more enriched concept maps (Figure 2 ). The maps constructed from scratch, revealed that the students brought an awareness of a variety of concepts related to the central concepts.
The "free-construction/concept-list" task had the most effective/positive result as it helped the majority of the students to check their thinking, to correct their errors, and to restructure their maps. For example, the concept maps, depicted in Figure 2 , concern two maps constructed by the same student, initially from scratch and then by using the list of concepts. The reader may notice that (i) the second concept map has been enriched with more concepts, more cross-links, and one more example, (ii) the structure of the map is more correct than before, and (iii) all the relationships are labelled.
Conclusions.
Summarizing the experimental results of this step, we believe that the context of the assessment activity and the use of the concept maps, as the main assessment tool, contributed effectively to "ascertain what the students already know" including faulty and/or incomplete knowledge structures. The ascertainment of the students' prior knowledge helped us to specify the starting point of the teaching process and the subject areas that needed great attention and guidance during the instruction. Regarding the effectiveness of the process we followed to activate and elicit the students' prior knowledge, we concluded that (i) the assessment tools that were utilised and combined, proved to be effective as far as the goals of the assessment activity are concerned, indicating the supplementary and the supportive role of each other, (ii) the scaffolding framework of the free-response questions and the questions based on short cases helped the students in activating their knowledge, (iii) the students' answers to the freeresponse questions and the questions based on short cases were taken into account during the "freeconstruction" and the "free-construction/concept-list" tasks while they were ignored during the "concept-list" task by the majority of the students, (iv) the "concept-list" task was not effective for eliciting and investigating the students' prior knowledge as it prevented them from focusing on what they really know, and (v) the most effective process was the "free-construction/concept-list" task as the students had the opportunity to represent their knowledge on their own and then to enrich and revise their representations on the basis of the scaffolding framework. The students' opinion about the assessment activity, resulting from the final evaluation of the experimental study, indicates their preference to a scaffolding framework in order to be supported during their work.
Promoting Knowledge Construction & Identifying Conceptual Changes: "How students act in playing a role"
An outline of the assessment activity
In the context of the second step of the framework, we developed a collaborative (a paired work) assessment activity, where the students played the role of the tutor in ODL and assessed a concept map concerning the central concept of "Open & Distance Education". The concept map concerned the coursework of a (fictional) learner and included concepts that had already been taught (e.g. the concept of ODL, the role of the tutor in ODL, the characteristics of the educational material suitable for ODL purposes). However, evaluation methods and scoring schemes applied to concept mapping had not been explicitly mentioned during the lessons.
The assessment activity was based on the idea of goal-based scenarios (Schank et al., 1999) addressing an aspect of the tutor's role. According to the scenario of the activity, the students played the role of a tutor in a course entitled "Distance Education and Learning" offered exclusively by distance. The mission of the students was to assess the coursework (i.e. the concept map) of a (fictional) learner. The scenario operations, comprising all of the activities the students had to do in order to work towards the mi ssion goal, included (a) studying the learner's coursework, (b) determining the criteria and the score scheme for the assessment, (c) assessing the coursework and reasoning their evaluation, (d) writing a letter to the learner concerning his/her coursework assessment.
The scenario operations are closely related to both the mission and the assessment goals. In the context of the assessment activity, the scenario operations were serving the following goals: (i) to investigate the students' beliefs in the concepts of the subject matter and their conceptual changes (resulting from (c) and (d) scenario operations), (ii) to engage the students in an active knowledge construction by performing operations such as understanding and evaluating the concepts and their relationships that are represented, defining new concepts, relationships and cross-links, and/or restructuring the concepts (resulting from (b), (c) and (d) scenario operations), and (iii) to engage the students in the role of the tutor in an ODL educational system by taking into account his/her advisory, mediatory, and instructive role (resulting from (b), (c) and (d) scenario operations). Apart from the aforementioned assessment goals, we sought the active involvement of the students and the promotion of collaborative learning by encouraging them to work in pairs and help each other. We also stimulated the students to develop reflection, revision and critical thinking through the assessment of a (fictional) learner's coursework by undertaking the role of the assessor and the feedback provider.
The (fictional) learner's concept map was constructed and structured taking into account (i) the students' beliefs as these were recorded in the previous step, (ii) the concepts that had already been taught, and (iii) the discussions-feedback that had taken place in the classroom. The concept map consisted of thirty concepts, structured in four levels of hierarchy with fourteen cross-links. The concept map, in addition to the valid concepts, links and cross-links, also included (i) invalid links between concepts in order to investigate the hypothesis (a) that the students confuse the relationships between concepts that are difficult and/or the students confuse the relationships between concepts for which they had false prior knowledge, (b) that the students confuse the relationships between familiar concepts, as their meaning in the context of the subject matter is being transformed, and (ii) incompleteness of concepts, links and cross-links in order to investigate the hypothesis that the students, through the context of the assessment activity, may develop high level cognitive skills such as analyzing, synthesizing, organizing and/or restructuring of information.
In the following, we present the experimental results, concerning only the first and the second assessment goal since the results concerning the third goal is beyond the scope of the paper as they are related exclusively with the subject matter. (They are presented and discussed in detail in Grigoriadou Gouli, and Gogoulou (2003) ).
Experimental results and conclusions
The qualitative analysis of the students' responses focused on the examples that they had used in order to reason their evaluation, the letter that they had written to the (fictional) learner in order to give him/her comments and feedback and the evaluation criteria that they had determined.
Results concerning "The Students' beliefs and their conceptual changes". Based on the students' responses, concerning the reasoning of their evaluation and the feedback that they included in the letter, we found that the students encountered learning difficulties when they tried to reason the relationships between fundamental concepts of the subject matter such as "Distance Education -Open Education", "Educational Material -Modular System" and "Tutor -Learner". The learning difficulties are possibly due to the following reasons:
the students were unfamiliar with some concepts such as the concept of the "Modular System", (ii) some concepts were difficult to be defined and/or to be discriminated from other concepts such as the concept of the "Open Education", (iii) the students' false prior knowledge, concerning specific concepts, prevented them from determi ning correctly the context of these concepts e.g. the students considered the concepts of the "Distance Education" and the "Open Education" as similar, (iv) their experience/profile played an important role and prevented them from determining correctly the context of some concepts e.g. this becomes obvious when they reasoned the relationships between the fundamental concepts of the subject matter and the concept of the "New Technologies", (v) although some concepts were familiar to the students, their context in the subject matter is transformed and/or enhanced e.g. the relationship between the concepts of the "Educational material" and the "Tutor".
In Figure 3 , we present the percentage of the students' correct current beliefs concerning ten specific relationships between fundamental concepts of the subject matter. These relationships have been coded, such as A represents the relationship between the concepts "Distance Education" and "Open Education", B represents the relationship between the concepts "Distance Education" and "Modular System", D represents the relationship between the concepts "Educational Material" and "Modular System", H represents the relationship between the concepts "The Tutor" and "The Subject Matter" and so on. Also, in Figure 3 , the percentage of the students' correct prior beliefs is presented, concerning the same relationships. The percentage of the students' prior beliefs concerning the relationships B, D and H is equal to zero as these relationships concern concepts that were unfamiliar to the students (i.e. relationships B and D concern the concept of "Modular System"), and/or concern relationships that have not been inspected in the previous step (i.e. relationship H). The reader may notice that the students revised most of their beliefs as the learning progressed. An interesting point, represented on the diagram, concerns the students' beliefs in the relationship coded as F. This belief refers to the relationship between the concepts of the "Tutor" and the "New Technologies". It seems, in this case, that the students' experience and profile prevented them from revising their belief in contrast to other similar cases (e.g. relationships C and E concerning the role of "New technologies" in Distance Education).
Results concerning "The Context of the Assessment Activity". As far as the evaluation criteria for the assessment of the concept map are concerned, we found that (i) the majority of the students (approximately 80%) determined criteria according to their experience and their knowledge of how to construct a concept map, and (ii) a limited number of students tried to find and apply criteria from bibliography (Novak & Gowin, 1984) and/or from Internet resources. In Figure 4 , the most indicative criteria that were determined by the students are presented. The reader may notice that the majority of the students (96%) focused their attention on the criterion concerning the appropriateness/correctness of the relationships between the concepts. Although, a number of students had also determined criteria concerning the completeness of the concepts (79% of students), the completeness of the relationships (43% of students), the existence of cross-links (39% of students) and examples (29% of students), these criteria were used for the assessment of the concept map to a low degree. More specifically, studying the students' letters, we noticed that a minimum number of comments/feedback concerned the enrichment of the concept map (i) with more concepts e.g. the characteristics of the Distance Education (55%), the characteristics of the educational material (18%), (ii) with more links e.g. between the concepts of the "Tutor" and "Learner" (32%), (iii) with more cross-links e.g. between the concepts of the "Learner", the "Tutor" and the "Geographical Distance", and (iv) with more examples, clarifying the meaning of some concepts (11%).
The aforementioned analysis shows that a small number of students performed high level cognitive operations such as analysis of the represented concepts, synthesis, and/or reorganization of the given and the new concepts. This is maybe due to the following reasons: (i) the use of a concept map, constructed and structured by the teacher, restricted the students to the examination of the validity of the existent relationships and prevented them from achieving higher levels of cognitive performance, and (ii) the students' lack of experience in assessing concept maps. Perhaps, a form of feedback (e.g. through case studies that pertain to similar operations and/or experiences) may support students in their efforts, as a scaffold to achieve higher levels of cognitive performance.
The students' opinion about the context of the activity, resulting from the final evaluation of the experimental study, is positive. Indicative students' comments were: "During the assessment process, I won- dered about concepts and relationships that I had never thought before", "The assessment of a learner's coursework increases your responsibility for accurate and valid evaluation", "During the assessment process, I had the sense of insecurity about what was correct and what was false", "I found it interesting and quite helpful in understanding the meanings of the concepts and their interrelationships", "Through the context of the assessment activity, I understood my errors and the process helped me to determine criteria and rules towards the right approach", "It was a useful process as it gave me the opportunity to discover my errors and to try to avoid them again", "Playing the role of the tutor, I realized how teachers evaluate our coursework and what they expect from us".
Conclusions.
Summarizing the experimental results of this step, we believe that the context of the assessment activity and the use of concepts maps enabled the identification and the assessment of the students' progressive conceptual changes concerning the fundamental concepts of the subject matter. More specifically, we found that the majority of the students revised most of their beliefs and enriched their knowledge structure but they still encountered difficulties concerning relationships between fundamental concepts of the subject matter that (i) were unfamiliar and difficult to be defined and/or discriminated from other concepts, and/or (ii) the students had false prior knowledge, and/or (iii) were familiar to the students but their meaning is different in the context of the subject matter. The context of the assessment activity contributed to the achievement of cognitive performance concerning mainly the Comprehension level, while higher levels of cognitive performance was achieved to a low degree. The incorporation of the concept map evaluation in an authentic context activated the students and helped them to develop skills of reasoned judgment, reflection, revision and critical thinking. Future studies may be conducted in order to examine possible scaffolding aids (e.g. case studies), which may help the students to cultivate higher levels of cognitive processes within the context of the assessment activity.
Assessing Knowledge Construction: "How the students' knowledge is finally constructed"
An outline of the assessment activity
The last activity of the study, concerning the third step of the AssessToLearn framework, aims to (i) facilitate the teachers in effectively answering questions like "What is on the students' mind?", "What are the conceptual changes? -Is there any growth in the students' conceptual understanding?", and (ii) support the students in refining their knowledge and developing a viable mental model.
The assessment activity included an assignment focused on specific subject-matter topics, a concept mapping task and an evaluation task. The concept mapping task engaged the students in constructing, on their own from scratch, a concept map concerning the central concept of "Open & Distance Education" and representing their beliefs in the taught concepts. Upon the completion of the concept mapping task, the students had to act as evaluators of their own work (promoting self assessment) by determining criteria, scoring their map for each criterion and reasoning their evaluation. The students could use the criteria and the scoring scheme that they had determined in the context of the activity carried out in the second step, and proceed with any revisions if necessary. The inclusion of such an evaluation task aimed to promote the development of self-regulation skills and to make the students more responsible for their own learning. In the following, we present the experimental results, concerning the concept mapping task and the evaluation task as the assignment results concern specific aspects of the subject matter, which are beyond the scope of the paper.
Experimental results and conclusions
Evaluation scheme. The concept maps constructed by the students from scratch, were quite diverse. For their interpretation, we defined a conceptual structure of the subject matter including (i) fundamental concepts, (ii) useful concepts, and (iii) related concepts. The fundamental and the useful concepts consti-tute a pre-specified list of concepts used for evaluating the completeness of the concepts represented on the students' concept ma ps. The fundamental concepts concern the basic concepts of the subject matter while the useful concepts concern the concepts that analyze and/or clarify the fundamental concepts. We consider as related concept each concept of the students' concept maps that is not included in the above categories, but it may be represented on the maps (i.e. its meaning is correct and it is related to the subject matter and the central concept of the map).
The following criteria were determined taking into account the conceptual structure of the subject matter and the features of the concept map: A qualitative scoring scheme was adopted for each of the above criteria classifying the students' performance to one of the following categories {Insufficient (Ins), Rather Insufficient (RIns), Average (Ave), Rather Sufficient (RSuf), Sufficient (Suf)}. The scoring scheme for each criterion was experimentally set providing better results in differentiating the students' performance.
Experimental results. In the following, we present the experimental results concerning (i) the students' performance according to the evaluation scheme we set, (ii) the students' conceptual changes in comparison to the results of the first and the second step, and (iii) the students' results concerning the evaluation task. Figures 5 and 6 represent two concept maps characterized as "Suf" in almost all of the criteria. The reader may clearly notice the large number of concepts included in the maps, the large number of links between concepts, a considerable number of cross-links, a number of examples and the hierarchical structure of the concept maps. These concept maps were constructed by the same students, who developed the maps depicted in Figures 1 and 2 respectively.
Experimental results concerning "The Students' Performance". The evaluation of the students' concept maps, according to the criteria that were determined, revealed the following:
• The distribution of the students' performance according to the Cfc subcriterion, as it is illustrated in Figure  7 , shows that the performance level of all the students on this subcriterion is above average. The reader may notice that the majority of the students included almost all the fundamental concepts in their maps (the performance of 79% of the students characterized as "Suf" and "RSuf"). This suggests that all the students were quite aware of the fundamental concepts of the subject matter. On the other hand, the students' performance according to the sub-criterion of CRfc is not so high i.e. the performance of 68% of the students is above the average. It seems that, although the majority of the students assimilated the fundamental concepts of the subject matter, they encountered difficulties in relating the fundamental concepts and/or establishing correct relationships among them. In order to determine the weights of the sub-criteria and moreover to evaluate the students' comprehensiveness level of the subject matter, we were based on their ability to relate the fundamental concepts and to establish appropriate relationships (key-point). To this end, greater weight was assigned to the CRfc sub-criterion (i.e. 0.6 to the CRfc and 0.4 to the Cfc). This key-point enabled us to differentiate the students and facilitated the drawing of comparisons concerning the performance of the students and their ability to relate the fundamental concepts of the subject matter. The distribution of the students' performance according to the CSM criterion, as it is illustrated in Figure 7 , shows that the performance level of the majority of the students was above average (91%).
• The distribution of the students' performance according to the CC criterion is illustrated in Figure 8 . A considerable number of students (74%) included in their maps a significant amount of fundame ntal and useful concepts as well as a number of related concepts. Therefore, their performance is characterized above average. The rest of the students (26%) included only fundamental concepts, showing difficulties in analyzing the domain knowledge in a greater depth and/or breadth.
• The distribution of the students' performance according to the LH criterion is illustrated in Figure 8 .
The results were characterized as average (50%) in their majority. This suggests that the students encountered difficulties in analyzing the concepts at various levels of detail (the performance of 59% of students is characterized as "Ave" and "RIns" according to the criterion of the LH). 
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Figure 7: The distribution of the students' performance according to the sub-criteria of the Cfc, the CRfc and the criterion of the CSM.
• As far as the criterion of the Cm is concerned, only 33% of the students' performance (Figure 8 ) may be characterized above average. In order to determine the weights of the number of valid cross-links and the valid levels of hierarchy and moreover to evaluate the students' performance according to the criterion of the Cm, we were based on their ability to relate concepts and construct a coherent concept map (key-point). To this end, greater weight was assigned to the number of valid cross-links (i.e. 0.6 to the number of valid cross-links and 0.4 to the valid levels of hierarchy). This key-point enabled us to differentiate the students according to their ability to relate different chunks of information.
Experimental results concerning "The Students' Conceptual Changes". Regarding the question "What are the conceptual changes? -Is there any growth in the students' conceptual understanding?", we examined the students' beliefs concerning the ten particular relationships between the fundamental concepts of the subject matter as they were presented in the second step (Sub-paragraph:
The Students' beliefs and their conceptual changes in the paragraph: Promoting Knowledge Construction & Identifying Conceptual Changes: "How students act in playing a role" and Figure 3 ). In Figure 9 , the percentage of the students' final beliefs (i.e. correct beliefs in the relationships under consideration) is presented in comparison to their initial (prior) beliefs (first step) and their revised beliefs (second step). The reader may notice that the students revised successfully most of their beliefs at the end of the teaching and the learning process. The lower percentages of correct beliefs concern the relationships B (65%), E (84%) and F (88%). This is probably due to the fact that the relationship B concerns concepts which were "new" to the students at the beginning of the course while E and F represent relationships between concepts which were familiar to the students and their experience and profile prevented them from rethinking and revising their opinion.
Experimental Results concerning the "Evaluation Task". The students' responses concerning the evaluation task were quite diverse. The diversity is due to the criteria that the students set, the scoring scheme that they applied, their reasoning for the evaluation judgement and the evaluation itself. In Figure 10 the students' and the teacher's final evaluation results are presented for ten indicative cases. Due to the diversity of the criteria that were determined by the students, we present only the evaluation results concerning the criteria that were common. Moreover, in order to have a unified scoring scheme, the students' scoring scheme was adapted appropriately. The students' beliefs in specific relationships as these were revealed from (i) the first assessment activity (prior beliefs), (ii) the second assessment activity (revised beliefs), and (iii) the last activity (final beliefs).
Analyzing the results illustrated in Figure 10 , the reader may notice the following: (i) the teacher's and the students' evaluation coincided in some cases, e.g. the case of the 9 th student -showing that some students developed high level skills such as critical thinking, reflection and self-regulation, (ii) the criteria, that in most cases the students' and the teacher's evaluation coincided, concerned the Cfc subcriterion and/or the CC criterion -this suggests that a number of students were aware of the fundamental concepts and/or the useful concepts of the subject matter, (iii) the criteria, that in most cases the students' and the teacher's evaluation were different and especially the students' evaluation was higher than the teacher's evaluation, concerned the CRfc sub-criterion and the Cm criterion -this is probably due to the students' low performance according to these two criteria, (iv) some students, especially the very good ones, tended to underrate themselves in almost all of the evaluation process as in case of the 1 st student, and (v) some students, especially the weaker students, tended to overrate themselves in almost all of the evaluation process as in case of the 4 th , 6 th ,8 th , and10 th students.
Conclusions.
Summarizing the experimental results of this step, we believe that the context of the assessment activity and the use of the concepts maps enabled the draw of inferences about the students' overall understanding of the subject matter, the detection of changes in the students' conceptual understanding, the identification of differences in the students' abilities and the determination of key-points that may be used in order to differentiate the students' knowledge level concerning the subject matter. More specifically, we found that the students were aware of the fundamental concepts of the subject matter but their performance was quite diverse in analyzing/organizing concepts at various levels of detail/hierarchy and in relating/connecting different chunks of information among various topics of the subject matter. Through the concept mapping task, we were able to easily and precisely detect changes in the students' conceptual understanding in comparison to their initial and intermediate conceptions. Also, the evaluation task in the context of the assessment activity, gave the students the chance to become active participants in their own learning and to refine further their knowledge by evaluating their own work. It is worthwhile mentioning that the amount of time needed to identify the students' performance according to the criteria was comparable to the time needed in order to grade a "traditional final exam". As, Ruiz-Primo and Shavelson reported in (1996) , scoring a concept map, when scoring/evaluation criteria have been established, requires only 3 to 10 minutes, depending on the complexity of the map. Figure 10 : The students' and the teacher's evaluation according to the common sub-criteria of the Cfc and the Crf as well as the common criteria of the CSM, the Cc, the LH and the Cm. The levels of performance 1 till 5 represent the levels of the qualitative scheme i.e. 1 corresponds to "Ins", 2 corresponds to "RIns", 3 corresponds to "Ave", 4 corresponds to "RSuf" and 5 corresponds to "Suf".
Concluding Remarks & Future Plans
Regarding educational assessment as an essential part of the teaching and the learning processes, we propose a coherent and integrated framework, in order to serve a variety of assessment functions. The AssessToLearn framework, comprising a three-step process, provides a basis for the design of assessment activities utilizing concept maps as the main assessment tool. Moreover, the AssessToLearn framework constitutes the basis for the development of a web-based adaptive assessment environment, referred to as PASS, which aims to support the assessment process in the context of the framework and provide adaptive capabilities. The proposed framework was experimentally evaluated in a real classroom environment in the context of a study that we conducted. The assessment activities, developed on the basis of the proposed framework, served specific assessment functions in the context of the postgraduate course of "Distance Education and Learning". The experimental results are encouraging, indicating the effectiveness of the assessment activities and subsequently the effectiveness of the framework in serving the specific assessment functions. The coherency and the integration of the three steps of the proposed framework seem to serve the educational assessment process effectively and further support the teaching and the learning processes.
The experimental study, as it was conducted in a real classroom environment and within the daily educational practice, revealed that the assessment process, which was followed, may be applied in any educational setting giving positive results as far as the accomplishment of the assessment functions is concerned. More specifically, the assessment activities, designed on the basis of the framework, and the utilization of the concept maps as the main tool of the assessment toolbox contributed effectively (i) to "ascertain what the students already know" including faulty and/or incomplete knowledge structures, (ii) to identify the students' unknown concepts, incomplete understanding and false beliefs, (iii) to assess the students' progressive conceptual changes concerning the fundamental concepts of the subject matter, (iv) to identify the differences in the students' abilities, and (v) to determine the key-points that may be used in order to differentiate the students' knowledge level concerning the subject matter. It seems that the application of the proposed assessment framework enhances learning and results in students shifting from memorization to meaningful learning. Despite the encouraging results, the successful application of the framework depends on a number of factors such as (i) the adequate time and effort that the teachers have to devote in order to design the assessment process (e.g. determine the assessment goals and outcomes, the assessment functions, the ordering of the steps, the forms of the assessment to be followed in each step, select/combine the appropriate assessment tools), to design and develop the appropriate assessment activities, to specify and provide the appropriate feedback, (ii) the possibility that the teachers have in changing their instruction, and/or their teaching strategies and/or sometimes the curriculum in order to integrate the assessment process with learning and instruction, and (iii) the possibility of changing the daily educational practice from "teaching/learning to the test" to "learning how to learn". Also, there is a need to create the appropriate circumstances for the students to become active participants and self-regulated in the assessment and the learning process and to accept the "new" educational setting.
During the current spring-semester (i.e. of the academic year 2002-2003), we applied again the proposed assessment framework in the context of the same postgraduate course in order to examine more closely some issues, implied by the assessment framework such as (i) the utilization of other assessment tools apart from the concept mapping tasks, (ii) the possibility of making adaptive and effective combinations of the various alternative assessment tools, and (iii) the function of the collaborative assessment and the peer-assessment and their influence on the students' performance and knowledge construction. So far, the results are positive providing useful information as far as the combination of the various assessment tools and the support of other forms of assessment are concerned. Upon the completion of the PASS environment, which is one of our near future plans, we plan to carry out a number of experimental studies in order to (i) examine various issues such as the grouping of students in order to work on collaborative assessment activities and to assess their peers' work, and the provision of the appropriate forms of feed-back during the assessment process according to the students' preferences and needs, and (ii) apply and evaluate the assessment framework in the context of other subject matters.
